Pituitary hyperplasia secondary to primary hypothyroidism and subsequent regression following thyroid replacement has been well described. We report a 12 year-old male who was retrospectively found to have progressive pituitary hyperplasia over the course of 2 years prior to his diagnosis of primary hypothyroidism, as documented on annual brain magnetic resonance imaging (MRI) for Arnold Chiari Type 1 malformation. He presented to Endocrinology with a 2-year history of fatigue, worsening daily headaches and linear growth deceleration. The diagnosis of primary hypothyroidism as the cause for his pituitary hyperplasia was made. He was started on levothyroxine with subsequent regression of pituitary hyperplasia demonstrated on repeat brain MRI six months later. This case is the first that demonstrates progressive pituitary hyperplasia from early in the course to diagnosis of hypothyroidism. It also illustrates that pituitary hyperplasia noted on routine brain MRI can be a presenting sign of primary hypothyroidism that should prompt endocrinologic evaluation.
Introduction
Pituitary hyperplasia secondary to primary hypothyroidism has been well described and documented by magnetic resonance imaging (MRI) in the literature. [1] [2] [3] [4] [5] [6] Long standing hypothyroidism leads to hyperplasia of the thyrotroph cells of the anterior pituitary due to loss of negative feedback inhibition to the hypothalamus, resulting in progressive enlargement of the pituitary gland. Subsequent thyroid replacement therapy has been shown to result in complete regression of pituitary enlargement. [1] [2] [3] [4] [5] [6] We report a 12 yearold male who was retrospectively found to have progressive pituitary hyperplasia over the course of 2 years prior to his diagnosis of primary hypothyroidism which resolved with thyroid replacement therapy.
Case Report
A 12 year old male with Arnold Chiari Type 1 malformation was referred to Endocrinology after pituitary hyperplasia was noted on his annual brain MRI obtained for routine monitoring of his anatomic abnormalities. His presenting symptoms included a 2-year history of fatigue, dry skin, cold intolerance, and poor linear growth prior to seeking medical attention. He also had a history of worsening daily headaches, which were initially attributed to his Chiari malformation. On physical examination, his height was 145.1 cm (10 th percentile) and weight 41.9 kg (16 th percentile). Review of his growth curve revealed linear growth deceleration, dropping from the 60 th percentile to the 10 th percentile for length over the prior 2 years. His face appeared slightly puffy and his hair was dry and coarse. The thyroid gland was unremarkable and was not palpable. His neurological exam was normal including fundoscopic exam and visual field testing. Pubertal staging was consistent with tanner stage 2 pubic hair with early pubertal appearance of his phallus and scrotum. Testes were descended and 8 ml bilaterally. A bone age was delayed at 10 years at a chronological age of 12 years and 8 months (-3.4 standard deviation). Retrospective review of his 3 prior brain MRI scans showed progressive pituitary enlargement. A brain MRI at age 10 years showed an enlarged pituitary gland measuring 7.81¥9.38 mm; nearly twice the size of a normal prepubertal gland of <5 mm. 7 A subsequent annual brain MRI at age 11 years (or a year prior to diagnosis) showed marked pituitary hyperplasia, as it had doubled in size from the previous year, to 13 .39¥16.89 mm. His 3rd MRI just prior to referral revealed an even more hypertrophied pituitary gland, measuring 15¥17.21 mm (Figure 1 ). The diagnosis of primary hypothyroidism as the cause for his pituitary gland hypertrophy was confirmed by a markedly elevated TSH value of 966 uIU/mL (normal range 0.5-5 uIU/mL) and undetectable free T4 <0.03 ng/dL (normal range 0.7-2.0 ng/dL). Anti-thyroglobulin antibody was positive at 4156 (normal <50 IU/mL) which confirmed Hashimoto's thyroiditis. A prolactin level was obtained and found to be slightly elevated at 43 (normal range 2-19 ng/mL) although our patient denied a history of galactorrhea. Transaminases were slightly elevated, as were total cholesterol and triglycerides (Table 1 ). The remainders of his endocrine function studies are listed in Table 1 .
Treatment was initiated with levothyroxine 25 mcg daily initially for 2 weeks, and then increased to 50 mcg daily. The dose was further increased to 75 mcg daily after 1 month, and again increased to 88 mcg daily after 9 months of treatment based on repeat thyroid function results. After initiation of levothyroxine therapy, our patient had subsequent resolution of his symptoms including fatigue, dry skin, cold intolerance and headaches. He assumed a normal growth velocity and displayed adequate catch up growth. Other repeat lab work demonstrated resolution of his hyperprolactinemia, transaminitis, and hyperlipidemia after 4 months of treatment (Table 1) . Complete regression of his pituitary hyperplasia was demonstrated on repeat brain MRI six months after initiation of treatment with thyroid replacement (Figure 1 ).
Discussion
Acquired primary hypothyroidism in children and adolescents most often is caused by autoimmune, chronic lymphocytic thyroiditis (Hashimoto's thyroiditis) mediated by lymphocytic infiltration of the thyroid gland. Infiltration of the thyroid tissues leads to progressive dysfunction of thyroid hormone synthesis and secretion, leading to end-organ failure. The loss of thyroxine negative feedback to the hypothalamus and pituitary gland leads to increased thyroid releasing hormone (TRH) and secondary hypertrophy of the thyrotrophic cells in the anterior pituitary, leading to enlargement of the gland. 8 Pituitary enlarge- ment secondary to primary hypothyroidism was first observed by Niepce in 1851 during the autopsy of a cretin. 9 Since that time, many reports have documented imaging displaying enlargement of the sellar region in both children and adults. In 1972, Desai and Joshi first reported radiographic evidence of enlarged sellar regions in 61% of children with hypothyroidism. 10 Although sellar enlargement has been found to be common in children with primary hypothyroidism, children typically present with subtle signs and symptoms of hypothyroidism, rather than neurological symptoms secondary to sellar expansion. This is in contrast to adults with primary hypothyroidism who more commonly present with symptoms associated with sellar enlargement, such as headache and visual field deficits. Although our patient did present with worsening daily headaches in the absence of other neurological symptoms likely due to sellar expansion; this complaint could have easily been mistaken for a symptom associated with Chiari syndrome. However, in contrast, headaches in association with Chiari syndrome due to Chiari malformation are classically tussive in nature and associated with posterior neck pain. 11 Other signs and symptoms in adults associated with sellar enlargement may be related to lactotroph hyperplasia including galactorrhea or menstrual irregularities in women; both of which are uncommonly reported in children. This is attributed to the stimulatory effect of TRH on lactotroph cells which may be present in the setting of prolonged hypothyroidism. 12 Although our patient demonstrated a mild elevation in prolactin, he did not have symptoms of galactorrhea.
The differential diagnosis for an enlarged sella or suprasellar region in children and adolescents noted on brain MRI should include secondary enlargement from any endocrine end-organ dysfunction, in addition to primary hypothyroidism. A reactive enlargement of the pituitary gland has been reported in children with both adrenal and gonadal failure. 13, 14 Furthermore, TSH secreting adenomas and prolactinoma should be considered as well, although TSH secreting adenomas are exceedingly rare in children. Clinicians should also recognize physiological hypertrophy of puberty, which is more common in females. 7, 15, 16 Various causes of sellar enlargement may easily be differentiated with studies of endocrine function including thyroid function tests and/or investigation of the entire pituitary axis, which if obtained in our patient, may have prevented the delay in diagnosis. Appropriate identification and treatment is of utmost importance as it might prevent an unnecessary surgery.
The resolution of pituitary hyperplasia secondary to primary hypothyroidism after sufficient treatment with levothyroxine has been described in several case reports. [1] [2] [3] [4] [5] [6] The time course to which resolution or near-complete resolution is first demonstrated on brain MR imaging has varied widely between 1 and 6 months of duration; although one case has been shown to resolve within 6 days of thyroid replacement. 17 There is, however, very limited data on the time course of progression of secondary pituitary hyperplasia due to hypothyroidism. It is not well clarified as to when the pituitary hyperplasia is first demonstrable on MRI following the development of primary hypothyroidism. Moreover, pituitary hyperplasia is often discovered at the time of diagnosis of long-standing hypothyroidism in most reported cases, with prompt thyroid hormone therapy once diagnosed, leaving no opportunity to demonstrate the natural progression of hypertrophy of the pituitary gland. Shimono et al. 18 reported rapid progression of pituitary hyperplasia in a cohort of patients with thyroid carcinoma who were initially euthyroid, then made iatrogenically hypothyroid prior to iodine 131 ablation. All subjects were found to have significantly larger pituitary volumes while in the hypothyroid state than in the euthyroid state indicating that rapid progression of pituitary hyperplasia may occur with acute development of iatrogenic hypothyroidism. Our patient was first noted to have pituitary hyperplasia, nearly twice the size of normal, at age 10 years, which is 2 years before his diagnosis of hypothyroidism. This time frame most likely reflects the onset of hypothyroidism as evidenced by his delayed bone age of 10 years and by the fact that his hypothyroid symptoms and growth deceleration began around that same time. This finding supports the aforementioned report by Shimono et al. 18 in that rapid progression of pituitary hyperplasia can occur early in the course of hypothyroidism. It is also interesting to note that our patient's pituitary gland enlargement progressed rapidly, doubling in size within the first year of his onset of symptoms. To our knowledge, no demonstration of rapid development and progression of pituitary hyperplasia on a serial brain MR imaging secondary to long-standing, undiagnosed primary hypothyroidism has been reported prior to our observed case.
Conclusions
To our knowledge, this is the first case report that demonstrates documented progressive pituitary hyperplasia in a child present for 2 years prior to the diagnosis of long-standing, undiagnosed primary hypothyroidism. This case illustrates the importance of recognizing pituitary or sellar enlargement on brain MRI as a presenting sign of primary hypothyroidism that should prompt endocrinolgic evaluation and reaffirms that adequate treatment with sufficient thyroid hormone replacement results in complete resolution of pituitary enlargement.
